Background: The aim of this study was to evaluate the clinical potential of new biomarkers such as IL-2, TNF-α, MCP-1 , MIP-1β including IFN-γ for the diagnosis of active tuberculosis (TB) disease. Materials and Methods: The subjects consisted of 31 patients with active TB disease and 62 patients with non-TB disease. We measured IFN-γ using QuantiFERON-TB Gold In Tube, and IL-2, TNF-α, MCP-1, and MIP-1β using the supernatant from whole blood stimulated with MTB (Mycobacterium tuberculosis)-specific antigens. Results: In the patient group with active TB disease, while the positive response rate of IFN-γ was 74%, that of IL-2 using the supernatant was 61%, TNF-α was 71%, MCP-1 was 81% and MIP-1β was 81%. In the patient group with non-TB disease, while the positive response rate of IFN-γ was 11%, that of IL-2using the supernatant was 32%, TNF-α was 26%, MCP-1 was 23% and MIP-1β was 19%. All biomarker levels of the patients with active TB disease using the supernatant were significantly higher than those of the patients with non-TB disease. While MIP-1β was the most sensitive of all the biomarkers (sensitivity: 80.6%), IFN-γ was the best in terms of specificity (specificity: 87.0%). Conclusions: Several biomarkers, apart from IL-2, showed similar results compared to IFN-γ. The combination of IFN-γ and other new biomarkers may increase the diagnostic accuracy of active TB.
Introduction
Interferon-γ release assays (IGRAs) have been introduced into clinical practice for the diagnosis of MTB (Mycobacterium tuberculosis) infection and current evidence suggests that these two tests measure the interferon-γ Y. Kobashi et al.
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(IFN-γ) release of activated T cells isolated from the patient's peripheral blood: QuantiFERON-TB Gold InTube (QFT) as an enzyme-linked immunosorbent assay (ELISA) and T-SPOT.TB as an enzyme-linked immunospot assay (ELISPOT). However, previous reports suggest that patients with advanced HIV and a severe immunosuppressive state have an increased proportion of negative and/or indeterminate results [1] [2] . The detection rate of IGRAs can be enhanced by measuring alternative or additional biomarkers for IFN-γ [3] - [9] . Especially, it was reported that multiple chemokines such as IFN-γ-induced protein 10 (IP-10), monokine induced by IFN-γ (MIG), monocyte chemotactic protein-1 (MCP-1) and macrophage inflammatory protein (MIP)-1β were strongly induced by MTB-specific antigen stimulation and release showed a high degree of correlation to IFN-γ in previous reports [10] - [13] . However, there are few reports about the clinical usefulness of other cytokines or chemokines except IGRAs for the diagnosis of active TB disease in Japan as far as we know.
Therefore, we clinically evaluated several new biomarkers as follows; cytokines (interleukin-2 (IL-2), tumor necrosis factor-α (TNF-α)) and chemokines (MCP-1, MIP-1β) to confirm which biomarker was most useful for the diagnosis of active TB disease using a supernatant from whole blood stimulated with MTB-specific antigens compared with IFN-γ (QFT) through this study in Japan.
Materials and Methods

Study Subjects
Ninety-three patients were enrolled between 2012 and 2015 and they were diagnosed at Kawasaki Medical School Hospital (1070 beds). Thirty-one patients with active TB disease satisfied smear and/or culture-positive results or PCR-positive for MTB from any clinical specimens. They consisted of 16 with pulmonary TB, 4 with miliary TB, 3 with TB lymphadenopathy, 3 with pulmonary TB + TB pleuritis, 2 with TB pleuritis, 1 with pulmonary TB + bronchial TB, 1 with pulmonary TB+TB lymphadenopathy, 1 with cerebral TB + TB lymphadenopathy. Forty-two patients with NTM disease satisfied the diagnostic criteria proposed by the American Thoracic Society (ATS) [14] . The causative microorganisms consisted of Mycobacterium avium in 20, M. intracellulare in 16, M. kansasii in 3, M. abscessus in 2, and M. avium + M. intraellulare in 1, respectively. Twenty patients with other respiratory diseases were confirmed in terms of histological diagnosis from the specimens using bronchoscopy. The final diagnosis consisted of 5 with lung cancer, 3 with pulmonary abscess, 3 with sinobronchitis syndrome, 3 with pulmonary mycosis, 2 with bronchiectasis, 2 with pulmonary nocardia, 1 with sarcoidosis and 1 with pneumoconiosis, respectively. Concerning the patients with NTM disease or other respiratory diseases, they all required the differentiation from TB disease. However, we included a few patients with a past history of TB disease or pulmonary M. kansasii disease which were possible to show false-positive response for new biomarkers including IFN-γ inorder to investigate the results of new biomarkers for these patients in this study.
This study was approved by the Ethical committee of Kawasaki Medical School and informed consent was obtained from all participants of this study.
IFN-γ (QuantiFERON TB Gold In-Tube: QFT)
A heparinized blood sample was collected from each patient by vein puncture and aliquots were used for QFT tests (IFN-γ), IL-2, TNF-α, MCP-1 and MIP-1β. QFT (IFN-γ) was performed according to the recommendations of the manufacturer (Cellestis Ltd., Carnegie, Australia). The judgment was performed according to the guideline proposed by the centers for Control and prevention (CDC) for using QFT [15] .
IL-2, TNF-α, MCP-1 and MIP-1β Assays
The levels of IL-2-TNF-α, MCP-1and MIP-1β were measured using the supernatant acquired from the QFT assay which was stimulated with saline, mitogen or TB-specific antigens (ESAT-6, CFP-10 and TB 7.7). An ELISA Development kit (R&D Systems Inc, MN, USA) was used to detect IP-10 release and MIG release according to the manufacturer's instructions.
Statistical Analysis
The Mann-Whitney U test was carried out to calculate the differences between individual groups (for example; the TB disease group and NTM disease group, the TB disease group and other disease group and NTM disease group and other disease group) and group medians (>2) were compared using the ANOVA test. The concordance rate test was assessed using the kappa (κ) statistic. The diagnostic accuracies of the test of IL-2, TNF-α, MCP-1and MIP-1β were evaluated using a receiving operating characteristic (ROC) curve. The ROC analysis was performed according to the literature [16] [17] . The cut-off value was estimated at various sensitivities and specificities and determined at the maximum sensitivity+ 1-specificity. A p-value of <0.05 was considered significant. Data were analyzed using the Stat Flex version 6 software (Artec, Japan, 2013).
Results
A total of 93 patients were enrolled during the study period. They consisted of 31 patients with active TB disease (TB group), 42 with NTM disease (NTM group) and 20 with other respiratory diseases (Other disease group). The clinical characteristics of the patients in the three groups are shown in Table 1 . There were significant differences in terms of age, sex and underlying disease in the NTM group compared to other groups (p < 0.05). On the other hand, the patients in the TB group showed significant lymphocytopenia, hypoproteinemia and hypoalbuminemia in the laboratory findings compared to those of other groups (p < 0.05).
The median levels of IFN-γ stimulated by MTB-specific antigen (ESAT-6, CFP-10, TB 7.7) were as follows (median ± S.D); 2.0 ± 3.4 IU/ml in the TB group, 0 ± 1.9 IU/ml in the NTM group and 0 ± 2.3 IU/ml in the other disease group. They were significantly higher in the TB group than the other two groups (p < 0.001, Figure 1 ).
In the judgment of IFN-γ (QFT), 23 of 31 patients in the TB group showed a positive response (74%). In the patients with non-TB disease (the NTM group and other respiratory disease group), the positive response rate was 11% (7/62) (7% (3/42) in the NTM group and 25% (5/20) in the other disease group). One of four patients with healed TB and one of three patients with pulmonary M. kansasii disease showed a positive response of IFN-γ in the NTM group. One patient with healed TB showed a positive response of IFN-γ in the other disease group. On the other hand, two patients in the TB group (7%) and one patient in the NTM group showed indeterminate responses due to a low mitogen response ( Table 2) . Total protein (g/dl) 6.8 ± 0.8* 7.3 ± 0. Figure 1 . IFN-γ concentration for three disease groups excluding patients showed indeterminate results (after stimulation with a TB-specific antigen-negative control). The median levels of IL-2 stimulated by MTB-specific antigen were as follows (median ± S.D); 60 ± 208 pg/ml in the TB group, 20 ± 89 pg/ml in the NTM group and 15 ± 125 pg/ml in the other disease group. They were significantly higher (p < 0.001) in the patients in the TB group than in those of the other two groups (Figure 2) .
The diagnostic performance of IL-2 in the experiment stimulated by the MTB-specific antigen was first assessed with the ROC curve (Figure 3) . The patients in the TB group were used as the true positives and non-TB patients consisting of patients with NTM disease and other respiratory diseases were the true negatives. The AUC of IL-2 was 0.682 (95% CI: 0.623 -0.740). The optimal cut-off value for IL-2 was determined to be 25 pg/ml by the ROC analysis. When the levels stimulated by MTB-specific antigen-negative control levels were estimated over the optical cut-off values, these patients were regarded as having a positive response, and when they were estimated below the cut-off values, they were regarded as having a negative response. While the positive response rate of IL-2 was 61% (19/31) in the TB group, it was 32% (20/62) in the non-TB group (36% (15/42) in the NTM group and 25% (5/20) in the other respiratory disease group). The positive response rate of IL-2 was significantly higher in the patients in the TB group than in those of the other two groups (p < 0.001) ( Table 2) . Two of four patients with healed TB and one of three patients with pulmonary M. kansasii disease showed a positive IL-2 response in the NTM group. One patient with healed TB showed a positive IL-2 response in the other disease group.
The median levels of TNF-α stimulated by MTB-specific antigen were as follows (median ± S.D); 100.0 ± 96.3 pg/ml in the TB group, 26.0 ± 55.2 pg/ml in the NTM group and 32.5 ± 58.8 pg/ml in the other respiratory disease group, respectively. They were significantly higher (p < 0.001) in the patients of the TB group than in those of the other two groups (Figure 4) .
The diagnostic performance of TNF-α in the experiment stimulated by MTB-specific antigen was assessed with the ROC curve ( Figure 5) . The AUC of TNF-α was 0.748 (95% CI: 0.693 -0.804). The optimal cut-off value for TNF-α was determined to be 38 pg/ml by the ROC analysis. While the positive response rate of TNF-α was 71% (22/31) in the TB group, it was 26% (16/62) in the non-TB group (26% (11/42) in the NTM group and 25% (5/20) in the other disease group). The positive response rate of TNF-α was significantly higher in the patients of the TB group than in those of the other two groups (p < 0.001) ( Table 2) . One of four patients with healed TB and one of three patients with pulmonary M. kansasii disease showed a positive TNF-α response in the NTM group. One patient with healed TB showed a positive TNF-α response of in the other disease group.
The median levels of MCP-1 stimulated by MTB-specific antigen were as follows (median ± S.D.); 1450 ± 1031 pg/ml in the TB group, 500 ± 508 pg/ml in the NTM group and 325 ± 541 pg/ml in the other disease group. They were significantly higher (p < 0.001) in the patients of the TB group than in those of the two other two groups (Figure 6 ). The diagnostic performance of MCP-1 in the experiment stimulated by MTB-specific antigen was assessed with the ROC curve (Figure 7) . The AUC of MCP-1 was 0.883 (95% CI: 0.847 -0.919). The optimal cut-off value for MCP-1 was determined to be 690 pg/ml by the ROC analysis. While the positive response rate of MCP-1 was 81% (25/31) in the TB group, it was 23% (14/42) in the non-TB group (21% (11/42) in the NTM group and 25% (5/20) in the other disease group). The positive response rate of MCP-1 was significantly higher (p < 0.001) in the patients in the TB group than in those in the other two groups ( Table 2) . One of four patients with healed TB and one of three patients with pulmonary M. kansasii disease showed a positive response of MCP-1 in the NTM group. One patient with healed TB showed a positive response of MCP-1 in the other disease group.
The median levels of MIP-1β stimulated by MTB-specific antigen were as follows (median ± S.D.); 4240 ± 3041 pg/ml in the TB group, 1400 ± 1669 pg/ml in the NTM group and 770 ± 2378 pg/ml in the other disease group. They were significantly higher (p < 0.001) in the patients of the TB group than in those of the other two groups (Figure 8) .
The diagnostic performance of MIP-1β in the experiment stimulated by the MTB-specificantigen was assessed with ROC curve (Figure 9) . The AUC of MIP-1β was 0.777 (95% CI: 0.721 -0.833). The optimal cutoff value for MIP-1β was determined to be 1975 pg/ml by the ROC analysis. While the positive response rate of MIP-1β was 81% (25/31) in the TB group, it was 19% (12/62) in the non-TB group (17% (7/42) in the NTM group and 25% (5/20) in the other disease group). The positive response rate of MIP-1β was significantly higher (p < 0.001) in the patients in the TB group than in those in the other two groups ( Table 2) . One of four patients with healed TB and one of three patients with pulmonary M. kansasii disease showed a positive MIP-1β response in the NTM group. One patient with healed TB showed a positive MIP-1β response in the other disease group.
In 31 patients tested in the TB group, IFN-γ, IL-2, TNF-α, MCP-1 and MIP-1β showed sensitivities of 74.0% (95% CI: 69.7% -78.3%), 61.3% (95% CI: 57.0% -65.7%), 71.0% (95% CI: 66.5% -75.5%), and 77.4% (95% CI: 73.0% -81.8%), 80.6% (95% CI: 76.2% -84.8%) respectively. When the indeterminate results were excluded for sensitivity calculations, IFN-γ yielded diagnostic sensitivities of 79.3% (95% CI: 74.9% -83.8%). Although there were no significant differences among the five tests, the sensitivity of IL-2 was the lowest for the differential diagnosis of TB disease. In 62 patients tested in the non-TB group, IFN-γ, IL-2, TNF-α, MCP-1 and MIP-1β showed specificities of 87.0% (95% CI: 82.5% -91.5%), 67.0% (95% CI: 62.6% -71.4%), 74.2% (95% CI: 69.9% -78.5%), 78.5% (95% CI: 74.2% -82.8%) and 79.0% (95% CI: 74.6% -83.4%), respectively. Although there were no significant differences among the four tests in terms of specificity, the specificity of IL-2 was the lowest for the differential diagnosis of TB disease as well as sensitivity. On the other hand, the positive predictive values (PPV) for IFN-γ, IL-2, TNF-α, MCP-1 and MIP-1β were 76.7% (95% CI: 72.8% -80.6%), 44.2% (95% CI: 40.1% -48.3%), 57.9% (95% CI: 53.9% -62.0%), 63.4% (95% CI: 59.3% -67.5%), 67.6% (95% CI: 63.8% -71.5%). The negative predictive values (NPV) for IFN-γ, IL-2, TNF-α, MCP-1 and MIP-1β were 90.0% (95% CI: 86.0% -94.0%), 76.7% (95% CI: 72.8% -80.6%), 83.5% (95% CI: 79.6% -87.4%), 87.8% (95% CI: 83.9% -91.7%), 89.3% (95% CI: 85.2% -93.4%), respectively.
Concerning the concordance between IFN-γ and IL-2, TNF-α, MCP-1 or MIP-1β combined patients with TB disease and non-TB disease, the concordance rate of IFN-γ and IL-2 was 76.3% (κ = 0.542), that of IFN-γ and TNF-α was 79.6% (κ = 0.662), that of IFN-γ and MCP-1was 84.9% (κ = 0.745) and that of IFN-γ and MIP-1β was 82.8% (κ = 0.688). The concordance rate of the fivetests in patients with TB disease was 54.8% (17/31). Using the five tests, a positive response was found in 30 of 31 patients with TB disease (96.8%). In total, the five tests agreed in 52 out of 93 patients (55.9%) and there was moderate agreement.
Discussion
In recent reports about biomarkers for immunodiagnosis of infection with MTB [18] , it was mentioned that IL-2, TNF-α, MCP-1 or MIP-1β, as well as IP-10 or MIG, had > 10 fold strong induction compared to IFN-γ. Therefore, we explored which alternative cytokine and chemokines are consistently and specifically expressed in response to MTB-specific antigens stimulation in whole blood from patients with active TB disease in this study. Subsequently, while MCP-1 and MIP-1β were useful biomarkers to make a differential diagnosis of TB disease and non-TB disease or obtain a diagnosis of active TB disease, [20] . However, other recent studies suggest that IL-2 expression is lower in patients with active TB disease compared to latent TB infection (LTBI) and controls [21] [22] . LTBI and infection control are dominated by central memory T-cells with potential IL-2 and optionally IFN-γ co-secretion; where as active TB disease is characterized by loss of IL-2 production and T-cells with effector memory T-cell phenotype [23] - [27] . Mamishi et al. also described that IL-2 release stimulated by TBspecific antigens was significantly higher in individuals with LTBI compared to patients with active TB disease; therefore, IL-2 could be a potential biomarker for discriminating between active and latent TB infection [28] [29] . On the other hand, concerning the position of TNF-α for IFN-γ and IL-2, Harari et al. evaluated CD4 T-cells producing IFN-γ, TNF-α and IL-2 by flow cytometry in patients with active TB disease and LTBI. As a result, the proportion of MTB-specific CD4+ TNF-α single -positive T-cells was predominantly found in patients with active TB disease and that of polyfunctional MTB-specific CD4+T-cells producing TNF-α, IL-2 and IFN-γ was dominant in those with LTBI [7] . Petruccioli et al. also described that bifunctional IFN-γ/TNF-α specific cells and the effector memory phenotype were significantly associated with active TB disease compared to LTBI or cured TB [27] . Although the reason for the lowest sensitivity and specificity of IL-2 compared to IFN-γ in this study may be explained by these previous reports, the lower sensitivity and specificity of TNF-α compared to IFN-γ was not compatible.
MCP-1 is released in response of TNF-α and IL-1 stimulation of antigen-presenting cells.MCP-1 expression is variable and has been associated with severity of TB disease [30] . Previous case-control studies suggest that MCP-1 is secreted in response to antigen stimulation in patients with active TB disease, but not in healthy controls [31] MIP-1β is produced by activated macrophages and T-cells and inducible by TNF-α, IFN-γ and IL-1 [34] . Chegou et al. evaluated the potential of MIP-1β in a supernatant stimulated by MTB-specific antigens of patients with active TB disease and household contacts [13] . The results of MIP-1β ascertained the presence of active TB disease with a sensitivity of 85% and specificity of 61%. Similar results were also obtained in a lowburden tuberculosis setting and MIP-1β showed excellent sensitivity and specificity [10] , but another study showed little potential for MIP-1β in the diagnosis of active TB disease [11] . The results for MIP-1β were similar to those of IFN-γ (the sensitivity of MIP-1β: 80.6% versus IFN-γ: 74.0% and the specificity of MIP-1β: 79.0% versus IFN-γ: 87.0%) in this study. Because it was mentioned that MIP-1β showed the most potential when used in combination with other markers [13] , it may be better to add MIP-1β to IFN-γ when we would like to discriminate active TB disease and other respiratory diseases.
Regarding the agreement between IFN-γ and other individual cytokines (IL-2, TNF-α) or individual chemokines (MCP-1, MIP-1β) stimulated by MTB-specificantigens, the rate of agreement was highest in the combination of IFN-γ and MCP-1 (84.9%) but lowest in the combination of IFN-γ and IL-2 (76.3%). These results were correlated with the sensitivity and specificity of active TB disease. If we judged positive when any of the two IGRAs, IP-10 and MIG stimulated by MTB specific-antigens showed a positive response, the positive response rate was increased to 96.8%.
Although it has been reported that IFN-γ (QFT) has arisk of false-positive results for patients with healed TB or NTM disease (M. kansasii, etc), one of three patients with pulmonary M. kansasii disease and two of five pa-tients with healed TB showed false-positive results with other all biomarkers as well as IFN-γ in this study. In addition, another patient with healed TB showed a false-positive result for IL-2. This result may be related to the positive response for IL-2 for patients with cured TB. Because we useda supernatant stimulated by MTB-specific antigens in the measurement of all biomarkers, we have to be careful with the judgment of all biomarkers for these patients, as well as IFN-γ.
There are some limitations to this study. Firstly, although it used a small number of patients with underlying disease in order to evaluate the usefulness of the diagnosis of active TB disease, it was geographically restricted to a small area in Japan with anintermediate TB population. We hope that a large scale nationwide study will be practically performed with immunological tests such as IFN-γ (QFT) in combination with other cytokine or chemokine quantification in a hospital setting in Japan. Secondly, although IL-2 showed the lowest sensitivity and specificity for active TB disease in this study, we have to investigate the response of multiple biomarkers, including IL-2, using a supernatant stimulated by MTB-specific antigens for patients with only active TB disease or LTBI, as well as also cured TB or healed TB in near future.
Conclusion
In conclusion, several biomarkers apart from IL-2 showed similar results compared with IFN-γ. The combination of IFN-γ and other new biomarkers may increase the diagnostic accuracy of active TB.
